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FOREWORD

The Defense Communications Engineering Center (DCEC) Technical Reports
(TR's) are published to inform interested members of the defense connunity
regarding technical activities of the Center, completed and in progress. They
are intended to stimulate thinking, encourage information exchange, and
provide guidance for related planning and research. They are not an integral
part of the DoD PPBS cycle and should not be interpreted as a source of
program guidance. k

Comments or technical inquiries concerning this document are welcome, and
should be directed to:

Director
Defense Communications Engineering Center
1860 Wiehle Avenue
Reston, Virgina 22090-5500
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EXECUTIVE SUMMARY

The Transmission Monitoring and Control (TRAMCON) application criteria for
the Defense Communications System (DCS) digital transmission networks and the
segmentation design for the Digital European Backbone (DEB) are documented in
this Technical Report. For monitoring and control purposes the DEB is divided
into thirty-one segments, each segment controlled by a primary TRAMCON Master
Terminal (TMT) and each limited to a manageable number of sites or nodes. All
nodes are equipped with Intelligent Remote Units (IRUs) for monitoring
transmission and station equipment, including those designated as primary TMT
locations. Additionally, the IRUs perform data processing and thereby are
able to send concise information to the TMT when interrogated.

The TMT of each segment is backed up by an alternate counterpart in
another segment which can take over the primary duties in whole or in part
when the primary cannot function or when a segment link is inoperable. Thus,
each TNT has two active data bases and will generally fill both a primary
function for its own segment and a backup function for another segment.

The segmentation is designed taking into account the parameters of network
geographical distribution, Facility Control Office (FCO) locations, backup
mastership availability, allowable number of link terminations per segment and
the ability of the design to maintain node monitoring and reporting in spite
of possible link outages. Each TMT polls the IRUs in its own segment for
information at least every 30 seconds. Polling and the ensuing IRU data
response are restricted to the particular segment being monitoreo. To
accomplish this intrasegment operation, software-controlled stopgates are used
to disconnect IRU digital bridge ports for preventing link connections to
another segment. Whenever it may become necessary to reactivate the link
path, the stopgate can be opened by TNT command. Stopgates are also used to
open closed link-node loops within segments which otherwise would result in
undesired circulating TNT and IRU data signals.

Link outages can be overcome by judicious placement of primary and
alternate masters; however, dead-end strings of nodes called "tails" will
cause node isolation upon link failure.

The estimated uninstalled equipment cost for the TRAMCON subsystem in
Europe is $9.4 million. This cost includes 31 TMTs for the 31 segments, 243
IRUs monitoring 523 link terminations at 223 locations in eight countries, and
63 Remote Display Terminals (RDTs). An RDT at a remote location enables
mobile maintenance teams to access information at the T14T on a dial-up basis.

Since the TRAMCON program is world-wide in nature, future revisions of
this report will contain TRAMCON application information for the Pacific and
Western Hemisphere areas. . ,
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I. INTRODUCTION

The Defense Communications System is continuing to transition from analog
transmission and switching to a digital-based technology. The current
transitional phase, which is planned to continue through 1992, is making
available the operational and economic benefits of digital technology to
voice, video and data communications in the DOCS as exemplified in the
developing Defense Switched Network (DSN), Defense Data Network (DDN) and the
OCS digital transmission network.

The same digital processing techniques now being used for transmission can
also be applied to monitor the transmission system itself. The first
operational system for monitoring DCS digital transmission networks was the
interim Enhanced Fault Alarm System (EFAS) installed in Europe at the 13 DEB-1
nodes from Coltano, Italy to Vaihingen, Germany. The EFAS consisted of a
computer at a master location which collected data by polling a certain number
of nodes within a predetermined sector called a segment. During a tr-service
DOCA management meeting in July 1981, a decision was made to develop a TRAMCON
subsystem modeled after EFAS but with significant operational and logistic
advantages including reduced manpower requirements. TRAMCON will employ one
or more IRUs at all sites, permitting data processing and control at each of
the nodes that was not previously available with the interim EFAS. For
TRAMCON purposes, the transmission network will be divided into groups of
nodes called segments. Control of all IRUs within a segment will be exercised
by a TMT.

The first operational installation of TRANCON will function with DEB III
in the UK, with a scheduled IOC of April 1986. As part of the the overall
planning for TRAMCON installation, DCEC Code R210 was tasked (reference [1])
by DCA Code B420 to develop segmentation plans for the DOCS digital
transmission networks in Europe, the Pacific area, and the Western Hemisphere,
both CONUS and OCONUS. The TRAMCON segmentation plan for the Europe DOCS
digital transmission network is the subject of this Technical Report. Future
revisions to the report will contain TRAMCON application information for the
Pacific and Western Hemisphere areas.

•1
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II. OBJECTIVE

The objective of this Technical Report is to document the TRAMCON
Segmentation Plan for Europe, (Figure 1), Drawing No. 201032, Rev. A,
28 February 1985, for use by those involved in any area of the TRAMCON program
from its development through operation and maintenance.* The drawing conforms
to the EURSEGRD option, as described by reference [2) and as selected in
paragraph 2 of reference [3), with a master at Aviano. Note that the drawing
is for planning purposes only, and if any conflict is discovered with other
documents, DCEC Code R210 and DCA Code B420 should be notified. Since changes
are to be expected in FCO designations and in segment configuration, future
drawing revisions are likely. Change inputs should be provided, in writing,
with marked prints to DCEC Code R210.

The segmentation structure of the enclosed Drawing No. 201032 is intended
to develop effective transmission monitoring and control for the OCS digital
network in Europe on an interrelated (primary/alternate master) segment
basis. Each segment is limited to a manageable number of sites, or link
terminations, and is controlled by a TNT generally collocated with a FCO. The
rationale supporting the segmentation is described in the following sections.
A brief description of TRANCON operation is first given as an introduction to
the rationale.

* Full E-size prints or 17" x 22" reductions of Drawing No. 201032, Rev. A,
are available from DCEC.
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III. BASIS FOR SEGMENTATION DESIGN

The TRAMCON segmentation drawing for Europe is based primarily on the
TRAMCON Operational Concept, [4) and the connectivity drawing, [5]. The
relevant features of TRAMCON system operation and of major equipments
implementing the operational concept are described in the following paragraphs.

The basic unit of TRAMCON is a segment composed of a master station,
generally a FCO, and a number of remote stations in a defined geographical
region. The architecture is intended to implement the TRAMCON functions of
station polling, alarm scanning, fault isolation, remote control, performance
monitoring, information display and distribution, intra and intersegment
master communications, and backup mastership for the DCS digital transmission
networks. (See section 2 of reference [6] for details of system parameter
measurements.) The segment is managed at the master station by a TMT which
polls, and receives data from, an IRU. The TMT normally managing the segment
is called the primary TMT. A TNT located in another segment shares
responsibility for the segment in a backup, alternate role. Thus, each TMT
will generally fill both a primary function for its own segment and a backup
function for another segment. The TMT, therefore, has two active data bases -

one for its primary function and the other for backup use. Two other data
bases which are normally inactive are also resident in the TMT as reserves for
possible future segment reconfiguration.

IRUs are located at every site including the TMT location. They monitor
transmission equipment and site support equipment alarms and status
indicators, and measure transmission system performance parameters. (See
section 3 of reference [7)). An IRU consists of a Data Acquisition and
Control Element (DACE), a Digital Bridge, and depending on the number of
man-machine interfaces required at the IRU's site, two, one or no Local
Display Terminals (LDTs). Site data processing is performed by the DACE and,
upon request by the TMT, data are transferred from the remote IRU DACE through
the IRU digital bridge to the 192 kb/s service channel bit stream via a Low
Speed Time Division Multiplexer (LSTDM) card, and thence to the master station
for display and storage at the TMT. (See Figure 2.) For attended sites, the
IRU contains a Local Display Terminal (LDT), used both for local station data
display and for operator key'board entry. The IRU will not initiate
information flow - it answers only when polled by the TNT. Each IRU can
monitor up to four link terminations plus station equipment.

Under normal operating conditions, the TMT in its primary role will
automatically and sequentially interrogate (poll) all IRUs within its segment
at least every 30 seconds. This polling interval is determined by the
protocols, polling rate, response rate, amount of data transferred, the number
of stations, and the total number of link terminations in the segment. The
sequence of events will be that the TRAMCON master issues a poll signal to
each of its remote IRUs, in turn, and awaits the reply. As the reply is
received, the next remote IRU is polled, and it sends a reply. Polling
continues in this pattern.

4
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The digital bridge portion of the DACE serves two functions. (1) as an
element of the service channel bit stream, it repeats all transn~issions
received as input into any of its four service channel output ports; (2) as
the service channel interface for the IRU, it acts as front end communication
processor for the DACE. In this second function, it (1) notifies the DACE
central processor of the receipt of any TMT message whose address corresponds
to that of the IRU and makes those messages available to the central
processor; (2) transmits response messages from the DACE on all output ports
not subject to disconnection.

Disconnection of digital bridge output ports is shown in the segmentation
drawing by "stopgates," preventing undesired party-line contention which would
otherwise be created by TMT polling and DACE response messages circulating in

adjoining segments. Another function of stopgates is to prevent the
circulation of polling and data signals around link-node loops within a
segment The stopgates are activated through software control from the TMT.

The primary TMT interfaces with the collocated IRU digital bridge
(Figure 2). The alternate TMT, however, interfaces with the LSTDM input to
secure access to an IRU digital bridge in the adjoining segment.

A segment consists of no more than 21 link terminations, whenever
possible. This figure is determined largely by the 30 second polling interval
requirement, and to a lesser degree by the number of usable display lines on
the LDT without scrolling.

5
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IV. SEGMENTATION DRAWING SYMBOLOGY

Figure 3 illustrates the symbols used in the segmentation drawing. Each
master, e.g., M34, serves as the primary for its own segment (534) and as the
alternate (A34) for an adjoining segment. The interfaces are as described in
section III. The DACE digital bridges are represented by diamonds and are
shown connected to other digital bridges, to the master and to the link (via
an LSTDM). All connections and links represent the TRAMCON service channel
bit stream. The basic communication functions (data and voice) of the links
are assumed, but not shown for simplicity. The presence of a digital'bridge
implies the presence of an IRU. Each IRU can monitor up to four link
terminations and the station equipment. There are four link terminations for
location (1), hence one IRU. For location (2), two IRUs are required. To
prevent M34 from polling into segment 33, a stopgate is shown to disconnect
the related digital bridge port.

7
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V. SEGMENTATION DESCRIPTION AND RATIONALE

The segmentation design shown in Figure 1 takes account of the network
link-geographical distribution, FCO locations, backup mastership availability,
the goal of 21 maximum link terminations per segment, and the need to maintain
station monitoring and reporting in spite of possible link outages. In the
following discussion, salient segmentation features and problems are presented
in preference to a segment by segment analysis.

1. SEGMENTATION STRUCTURE

An optimal TRAMCON segmentation structure will compensate for transmission
link and TMT/FCO failures to the maximum extent possible. The following
examples from Figure I illustrate this design aspect:

a. Segments 30 and 31 - M31 at Berlin monitors the eight sites in
segment 31. If M31 or the entire site should fail, A29 (alternate side of
1429) would provide the backup for 1431 through the link to Schwarzenborn.
Similarly, M30 at Bremerhaven monitors all ten sites in segment 30. If M30
were disabled, A31, as indicated, would provide the necessary backup through
the link to Linderhof to monitor segment 30. Thus, the possibility of primary
master failure is provided for by backup mastership. On the other hand, a
transmission link failure, e.g., between Bocksberg and Koterberg, would
isolate M31 from Koterberg, Rothwesten and Schwarzenborn. However, A29 could
take over control of the latter three locations so that the segment, although
fragmented, can still be monitored at all locations. This holds for a failure
at any link from Berlin to Feldberg. Similarly, if a failure occurred in any
link from Basdahl to Linderhofe, all sites in segment 30 could still be
monitored by M30 and A31.

. b. Segments 29 and 16 - M9 at Feldberg monitors the seven sites in
segment 29. A16 (the alternate side of M16) could provide the backup for M29
through the link from Brueggen. Similarly, A15 proviaes backup for M16
through the link from Kalkar to Herongen. In addition, any failure of one of
the six links from Brueggen to Feldberg would not isolate the intervening
sites of Roetgen, Norvenich, Drabenderhohe, Stein and Giessen since M29 and
A16 together could monitor the fragmented segment. Because of the nature of
the connectivity and defined TMT locations, not all sites are accessible to
the TMT when link failures occur, e.g., Euskirchen in segment 29; Moenchen
Gladbach and Rheinberg in segment 16.

2. SEGMENT TAILS

Extreme examples of potential node isolation are created by "tails," which
are dead-end strings of nodes, e.g., Mormond Hill to Edzell in segment 1. If
any one of these links fails, one to four nodes are isolated. Murkle is in a
similar situation. Consequently, the tails of segment 1 create a tenuous
condition. The connectivity results in several other extensive tails: segment
10, Italy; segment 12, Greece; segment 14, Turkey; and segment 26, Germany.

9
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3. SITE SPLITTING.

Three examples of splitting a site into two TRAMCON entities occur:
Donnersberg, Hillingdon and Mt. Vergine. The two sectors of Donnersberg and
Hillingdon each have a TRAMCON master and are completely independent of each
other from a TRAMCON standpoint. The only reason for splitting a site between
two segments is to accomplish optimum segmentation.

4. SECOND CHANNELS

The AN/FCC-IO0 LSTDM contemplated for use on the digital links with the
DRAMA radio can accommodate the 192 kb/s service channel bit stream on up to
16 separate duplex channels. One channel carries the 64 kb/s voice orderwire
(VOW). The remaining 128 kb/s is reserved for TRAMCON and other uses. IRU
digital bridge ports at link terminations and alternate TMT ports interface
with LSTDM cards in conducting the TRAMCON component of the 192 kb/s service
channel bit stream over the digital radio or fiber optic transceiver. A
second LSTDM card is required in some cases for the alternate TRAMCON master
to gain access to a remote IRU digital bridge through the service channel bit 2

stream. The design avoids the use of second channels wherever possible to
allow a more effective direct connection.

5. CLOSED LOOPS

By virtue of the OCS connectivity, segments 11, 18, 19, 24 and 28 contain
closed link-node loops which would result in undesired circulating TMT and IRU
data signals if the loops were allowed to remain closed. The closed loop in
segment 11 is composed of Naples, Camoldoli, Lago Di Patria and Epomeo.
However, stopgates at Lago Di Patria and Epomeo open the loop. As a result,
TMT polling is prevented from circulating back on itself, but, instead, the
polling from Naples splits through the digital bridge into two paths: Naples
to Epomeo; and Naples to Camoldoli (Agnano and Capodichino) to Lago Di
Patria. IRU response paths are the same in a reverse direction. If, during
normal operation, a link from Naples to Camoldoli or a link from Camoldoli to
Lago Di Patria should become inoperative, the TMT would request the stopgates

at Epomeo and Lago Di Patria, in turn, to open, thus accessing these nodes
from the Naples - Epomeo direction (stopgates are active on the transmit
direction of the digital bridge duplex ports). A similar analysis applies to
segment 18 and 24 for the Chievres, Flobecq, Lechenoi, SHAPE loop and the
Vaihingen, Friolzheim, Stuttgart, Hohenstadt loops, respectively. For
segments 19 and 28 the circulatory loop problem is countered by using the
second port of the primary TNT. The reason for doing this is that, by this
configuration, one less IRU digital bridge is used at the TNT location. For
segment 28, the loop nodes are Frankfurt, Breitsol, Melibocus and Hanau. TMT
M28 is able to poll the segment loop either into Breitsol or Hanau. The other
TMT port is inactive and effectively opens the loop. Again, if any one of the
links become disabled, the TNT is able to poll in the direction(s) required to
cover all nodes of the loop. The same TMT configuration is used to monitor
the Hahn, Wuescheim, Ellerspring loop of segment 19.

10
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6. ALTERNATE TNT ROUTING

An important criterion for proper segmentation design is that the
alternate TNT does not traverse a third segment from its own segment location
to the segment it is backing up. The reason for this is twofold: (1),
alternate traversal of a third segment would create undesirable polling by two
masters in one segment; (2), the ability of the alternate to back up a segment
would depend on the condition of another segment.

;- 7. ALTERNATE TNT BACKUP

* Another criterion for proper segmentation design is that the alternate TMT

*. back up only one segment. This has been accomplished except in one case:
Coltano, which now backs up segments 8 and 23. The requirement by reference
[8] that Vaihingen alternate for Coltano instead of Aviano because of traffic
flow considerations leaves it impossible for Aviano to alternate for any
segment without traversing another segment. A preferred overall segmentation
design limiting alternate backup to one segment would have Vaihingen as backup
for Aviano and Aviano as backup for Coltano.

11
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VI. TRAMCON DATABASE

Information from the Segmentation Drawing No. 201032, Rev. A, is compiled
in data base TRAMCON.EURSEGRE, dated 27 Feb 1985. Sorting programs were
developed to give segmentation printouts by (1) segment (Table I), (2) country
(Table II), and (3) Mildep (Tables III, IV, V). Information included is site
name, segment number, primary and backup TMT number, IRU, TMT, RDT, link
termination and 2nd channel quantities, MILDEP, FCO and Intermediate Control
Office (ICO) identification and summations. A summary of the primary and
backup master locations is shown in Table VI.

An "X" in the FCO or ICO column of Table VI indicates that the
corresponding primary master location is either a Facility Control Office or
an Intermediate Control Office. The FCO and ICO locations are in accordance
with the DCA-Europe FCO realignment of reference [9]. Six other primary
master locations - Brueggen, Chievres, Hahn, Kalkar, Nuernberg and Thurso -

are not covered by reference [9]. The rationale for selecting these six
locations for TNT installation is as follows:

(a) Chievres

In reference [101, the 5th Signal Command, Worms, GE recommended the
TNT be installed at Chievres TCF for DEB III (and a RDT at SHAPE TCF), cited
the adequacy of personnel, space and power, and remarked that since Chievres
is manned only by U.S. personnel, DCS links would remain under U.S. control.
USACC, USACSA and DCEC concurred with the recommendation. Further, DCEC noted
in their evaluation (reference [11)) that the location of a RDT at SHAPE
Command Center (SCC) enhances survivability of the total DEB system since
access to TRANCON information is essential in a reconstitution situation.

(b) Thurso

NAVTELCOM recommended in their March 1982 comments on TRAMCON that
NAVCOMIMSTA Thurso be designated as a TMT location since it has maintenance
responsibility for Murkle, Latheron, Edzell, Kinnaber, Inverbervie and
Aberdeen.

(c) Kalkar

This site has been recommended for the TMT location by the 5th Signal
Command in their evaluation of an early TRAMCON segmentation design. It is to
be noted that the Air Force operates and maintains all of the sites in the
Kalkar segment.

(d) Brueggen, Hahn and Nuernberg

Good segmentation uesign practice required the designation of these
three additional sites as master locations. Their selection, coordinated with
DCEC and DCA-Europe, gives consistent Mildep responsibility within the
segments.

12
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TABLE VI. TRAMCON PRIMARY AND BACKUP TMT LOCATIONS

Segment Master Location FCO ICO* Remarks
- Primary Backup

1 Thurso Martlesham Heath
2 Martlesham Heath Thurso x
3 Croughton Hillingdon x 2 TMTs at Hillingdon
4 Mildenhall Hillingdon x
5 Hillingdon Croughton x
6 Hillingdon Mildenhall x
7 Torrejon Mt. Vergine x
8 Avlano Coltano x
9 Coltano Vaihingen x

10 At. Vergine Torrejon x
11 Naples Hellenikon x
12 Hellenikon Naples x
13 Sahin Tepesi Elmadag x
14 Elmadag Sahin Tepesi x
15 Kalkar Bremerhaven
16 Brueggen Kalkar
17 Schoenfeld Chievres x
18 Chievres Schoenfeld
19 Hahn Ramstein
20 Ramstein Pirmasens x
21 Donnersberg Hahn x 2 TMTs at Donnersberg
22 Donnersberg Heidelberg x
23 Pirmasens Coltano x
24 Vaihingen Reese Augsberg x
25 Reese Augsberg Nuerenberg x
26 Nuernberg Frankfurt
27 Heidelberg Donnersberg x
28 Frankfurt Donnersberg x
29 Feldberg Brueggen x
30 Bremerhaven Berlin x
31 Berlin Feldberg x

* Other ICOs are: London
Mt. Venda
Mt. Corna
Mt. Limbara
Martina Franca
Langerkopf
Mt. Pateras
Muhl
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VII. UNINSTALLED EQUIPMENT COST ($K)

The uninstalled equipment costs for the major TRAMCON items are based on
the following per unit planning costs. These are subject to change,
especially for the IRU which is scheduled for contract award in March 1985.

Unit Cost

TMT $105.0
IRU 22.0
RDT 11.0

LSTDM 2nd Channel 0.5

TABLE VII. UNINSTALLED EQUIPMENT COST ($K) - 31 SEGMENTS
S

Unit Quantity Total

TMT 31 $3255
IRU 243 5346
RDT 63 693

LSTDM 2nd Channel 118 59 D

Total $9353

TABLE VIII. UNINSTALLED EQUIPMENT COST ($K) - MILDEPs

Unit Amy Navy Air Force Totals
I

Qty Cost Qty Cost Qty Cost

TMT 13 $1365 2 $210 16 $1680 $3255
IRU 77 1694 18 396 148 3256 5346
RDT 26 286 4 44 33 363 693

LSTDM 2nd Ch 26 13 6 3 86 43 59

Total $3358 $653 $5342 $9353 . -

3
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LIST OF ACRONYMS

DACE Data Acquisition and Control Element

DCS Defense Communications System

DEB Digital European Backbone

DRAMA Digital Radio and Multiplex Acquisition

EFAS Enhanced Fault Alarm System

EURSEGRD Europe Segmentation Data Base, Revision D

EURSEGRE Europe Segmentation Data Base, Revision E

FCO Facility Control Office

ICO Intermediate Control Office

IRU Intelligent Remote Unit

LDT Local Display Terminal

LSTDM Low Speed Time Division Multiplexer

RDT Remote Display Terminal

SCC Shape Command Center

TCF Technical Control Facility

TMT TRAiMCON Master Terminal

TRAMCON Transmission Monitoring and Control
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